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(54) mw<D%ffii g aNm^mi^m^^com^m 

(57) [SMI 

[MM] fSS-T-5 I I I -VM^M^ItSS 

fcMSffl^T, Xtf^ + V-V^fiKftCiD I I I - V 
(b) . 1 4Sf oST7 7t>y MM^IS 

(c) . se>£, 77t»yhiissit«»atr 

(d) . lHWCTO&Sl^tfli I I I -Vjfcfl^ 
!fe^^#:^fi^^^fig-r^ (e) . 




ii.SH 



14. 




[f*#JSl] GaN»fi#tfef^IWS 

0*fi««6»Jfjcf*Iit. liftfSfigfifiHittCG aNifc 
*-T ^)^ft®«»G a N»¥*&£ fusEvXi'l* 

aN5R2|s*#a®t:/X^— —>^anfc-^x^«»K:± 

D*Kfi*«*»J«-r*XSa:. MBJfcftWBKGaN* 
***«^»ffi*¥SflsT*XS<k. MIHG a NSf 

«*»e.^< tfeiwea*. vj*£r*m*K>sr*xa 
mmm £ ^j&t * xa t £ #r a c t t r s g a 

3 ] G a N*¥*#i*?£**iR«S«* 
*£«3Effi» $> 5 V>telWB»1£±f;: $ nfc G 

0«fi««S»*t8Iit. WE«fi**CGaN* 

S-rs^fiSI^cOG a N^^^tt^fctdfEVX^^ 

K±CG a N#¥*#*^©:M»|»ifi§»j$T5XS 
<h, fJIBG a N*¥«ttKfr tt>l»IB*«. v 

[»**4] maBGaN**3K**^tt, y^Kr 
D$tjg£-&tJ G a N*******^** C t 
iT4lt** 171S3f=«fim3&»Cia«©G aN3R¥* 
#«®«jg©JE? 

tfT**££*1*«fcTSM**4B«©GaNJR 
¥S#«e«i6©7£fi£;£i£:. 
[§f*JS6] GaN«¥*#i»?Jg*^*»»3iff* 
j»E*«3iffi. **V»ttimE*«±K 
JgJsScSnfcG a N^¥*^®(C^gffl^^^fig-ra/t 

y h*jfi*»J*Lfca*&ri&*b&G aN|*l#4i* 

wim7T±.y HliSj&««»aS;nT¥aflS*nfcGaN 
WB™flsan&GaN**W#il±K: 



2) #M2 0 0 1- 1 4 8 34 8 

2 

#«t-r*G aN**»<*s«fJ*Jfi. 
[1**317] f»EGaN*¥*fM*JB«i6a>e<!>£< 

tr* g a N&^mwmmmm, 
amm&^ts g a NZk^mfc&ytm^T&z, z. 
Wit. 

[8*#J*9] (WEGaN*»>t*^GaN**S»# 
10 U— tfT&3C££#ffci:-r-3l**Jl8Bi&©G a NJ£ 

im&m 10] G a NX¥*tt£*?fiSH>iRB9M( 

G a N3ft*»#a®K^^-n>^Snfc"7X^«»fC 
±D«ftM*»«T*iai. fJEfiSSffiHUCG aN 

»»-r*«K*«*©G a Nm*m&t*:h\zffim-?*t7 

GaN9K¥«#K±K:GaN3K¥«M:«? L ««IJA-r«X 
20 a£#T3£<h£#®£^3GaN«¥i»#5fcT©§Sig 

[»#JS113 GaN**i#iS?eS*ll!«a« 
-5 * -5 V» «tu ESS Jt (c £ n Jfc 
G a N3S*i#*BKAi'-->ysnfc77^»fH: 
<k0*ft««fi»dtt*l8i:. fuEfSftSSWCG aN 

»*-r-B*«IR«©G aN*¥»#:iit>fri»IB-7^i' 
*m*«V»*Bf* 3 FaA:T*XS&, liMBGaN*¥aj 

30 gi. ffiE¥SfcSnfcGaN*¥3M*ltJbK:GaN* 

¥***7*»i£r«x&re*?sc g 

[«** 12] G a N»¥«tf:&»?ttlk'^IIM0Sff 

8w*s&4*««hj, »*wamE*«±K:»j*stt;fc 

±^SS^Mt§Iii, »Es£fi«ttfcGaN 

smsa^sssTOffc-rsxst, *rB¥aYb£ftfc 

40 G a N'3H*i#I±l:G a N*¥»#3lff6»*T*I 
mt. fflEGaN*¥*#«**£^fc<£fcl»B*«. 

vxir*r»*i»3c"r*xai**'r*ct*»«t-r« 

G a N*¥*to*-?®*ifi3rtE. 
rai3] ttfBGaN«*^{*:*^«. 
7-n*jftS*trG a N***fl£»>6Slf^T?** d <fc£# 
aiTSW** 1 0 75IE1 3 Ot>1"*l*KG<lt0G a N 

[M141 MEGaNJRBJtJirptfGaN*** 
1fT?*SC£S*MR£T*»!#JB l 3E«©G a 
50 NS¥W*S?«>8ifi2tt5. 




( 3 ) 



3 

15] G a N*¥*#&*?&ft-t>JIMlFXtK 

CiKlSStlfcG a N«¥«*«ICf£^4Mt5 

■fey H^jl4MLW6^fil/fcG aNf 
»-T*J>Kft««©G a N^#^#:WfiKft t <t 

3€»K:iWfBGaNJR¥3*#©»««fcJ: 
Dmifa^Tfe-y h«3ta<S»S&*nT¥fite£n;feG a 
N^flMi, i3IE¥S{fc:$nfcG aN*¥SfI± 
CGaNSfi#IWM$nTU|,ui:^itt 10 
SGaNMi#i?. 

T-nflHSi^tfG a NJ&¥*#363tt* ; P"C»* C 

[W#Jgl8] !WiaGaN3R»3t*^GaN*** 

tfT*«Hfc*»«i:-r*l***l 7lE«OGa 20 

[»#J*2l] j»IBGaN*¥*#»3te* ; J i a j 7>l s 

-^m^xrm&m&m-rz z. t 1 

3XB1 4 83«©GaN**i»flt* : pO«ii*fe. ■ 30 
[0 0 0 1] 

tf ^ * -> v $ i± £ J3m%.zt z. cofigs^i* c n c ± 
oTHsnsi i i -v«fl:^»¥Wfl«K:w-r*. » 40 

[0 0 0 2] SetGaNJR^iWfrSR^-R^OlBifi* 
SlCiL, «f«^W<7)^«C^GaN¥l»#J«±C»JSjc* 
nfcG aNS^fr^R^-C-OfijftjErft^Wrs. 

[0 0 0 3] 

c?»£5Rc75^?s] 1 1 1 - vmitsw^mte-z. 

tft^'JfA (GaN) tt, SHHflMBtf 3 . 4eVa 

tbTae^nxvi-g). 50 
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[0004] ccottrnzm^tczzytT 1 /^ x&ftm-rz 

Tf/HXSf^lStSi^H ^i(»7 7-f7 (A 1 

,0,) 3 fctt^pje*, fmmL&mzEnm 

[0 0 0 5] 

y^X^3 2# (1993) il 5 2 8- 1 5 3 3fj 
(Jpn. J. Appl.Phys.Vol 32(1993) pp. 1528-153 
3) . 3 f/HXiLTOtt^I 

[0006] Sfc*&^7FS-&^oxtr^^^-v;^fic 

m&nZfcibVl, S^JCD^fl^STl ym©S i 0,ffll 
T-Xh5-f7$l5ELfct77'f7SS±i:GaN8IO 

•e--5Cl<i:*iit#Ba¥8 - 6 4 7 9 l^ffiCIB*$tlTV» 
*. L^tHil¥8- 6 4 7 9 l^SCWTISS iO 

[0 0 0 7] *389I©BWtt. tt?£ft-«>)K»9ffK^ 
Sfc £ -N-f n S« £.83 TX tf ? 4=- v- V JH&fi £ ff o T 

<5 <H <h f C o 
[0 0 0 8] S6>K:#S^©te©B«iKJ:. ±§Ext£** 

^«^G aN**J»#«*tI«-rai:i:»C»*. 
[0 0 0 9] ifc*58«OjBOBtttt, ±IBxe^^-> 
tMftC±D»*S*lfcGaN»*l#K±CGaN 

jfi) ^ffits'iicio, anfcsis^tt o#en* 

GaNSflfti? (WAtfGaNJR^SK*:*^*^) 
[0010] 




( 4 



5 

X?^5I^ga*¥aftt2>lSt. mlEG aNl 

[0011] *fc, *=5sbj(^g aN&ttmitmmmmo 

i#^77tyHii^Mti.i5(c^ftst 1 mm 
r z>j$.mm®e> g a n %*m& £ £ *> \zmm-?x ? *m 

£, ttiEG aN«¥»#^±fCG aN*¥^#*T<Df« 

*v»»4. g a NM¥mft£&Tfem j $>® ! &m&®.&mti. 

&««*®> *-5V^4milBa«±lc^gg$nfcG aNS 20 

j&s®^© g a N^sn&i £ cmfievx ?ttm&w. 

t^I^ffifttSIii:. SfffBGaN^^^MlifC 
G aNS¥S#^^«JI#?ig£^/5rr£I*I£, SfflE 

g aNm¥m#mfr£>'p?z< ii&mmmm. ^^ffl 
£ * IS £ 3 z. £ £ r & . 

[0 0 12] 2 *lBJ©GaN^¥Ift«liI 
<DW*fcJ5m\Z, fttEG aNSflftifB. ^^Kr 30 
D*jfi4*trG aN*¥*#»tt*^-e**c:i*W* 
its. ^fcrnffBGaN^^Tt^^GaN^^^U 

— 9 s 1? * « c £ s # m £ r -a . 

[0 0 13] #3g?£©G aN^¥aS#fgJI#ijgtt, Ga 

tzmmmm. *«^ttSMB*«jtK:»fifcsn;fcGaN# 

««6«ftL/fcG a NJS¥*##»85-r*J*ft«*©G a 

fcffrEG a N#f *#©)SftK: i r t y 

;WS&&£nT¥fifc£n£:G aNfflMi, StfSE 
¥ffifli£tlfcG aN«¥IM±l:G aN*****? 

K. StrfBGaNJS^##:«Jl«jg^e^*< £feff(IS* 

[0 0 14] 5p?8flWG a N?£*«lf£*SJB«j!i 

*>\Z,. 83EG aNUgftSi^G aN**l#U- ifT 50 
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&5£££#m£-r5. 
[0 0 15] *%WWGaN^*^#:^^©Sit7??* 

»4. GaNs^frtft^jeR-fjiftBfawftats&sas 

SSffi, **HttflMB*K±fc»j£SttfcG aN«i 
^Mt^Igi. j»EJ*fi**CGaN3S¥*#**:7 
SUsEcOG a N&¥##££*>lci!&E'7;*?«*4£«^Sl 

®£¥fitt-f£iS£. Mriwfi'ftsnfcGaNj&iM* 

££#ffc£-f 

[0 0 16] *aH®GaN*¥*fHR?0>Wi 
7J&«, G a N»¥*fle£*?£ft'*ft»9ffft«<A&: 
»*^ttWeat«±K»J**tlfcGaN* 

^SMTSIIi, fltej£fitt*£G aNS¥®ft 

AftflMtCD G a N*J(i**i t feCttKv^ 
^*B*¥fiftt2.Igt, flffEG aNf#SM*5 
£t>mfE*«. vxi'^^iStsigi, Sff 
8B¥fiflSSttfcG a N^igffcJSUif- G a N«¥*tt* 

tt. GaNS^flfife^R-^JIflKISWR^aa:** 
&-5^teWiBaS«±CJgj££nfcG aN^¥i 

6»«t*Iti. iWffiriE*«*KGaN**»#*J7 

««©G aN*¥*#iifcfcME^;**#»£«V»« 

i^rafttsigi; WEspaflssnfcGaN***' 

MllCGaN^fiM^^M'TSIgi:. ftiEG 
aNS*iM*6^< £*>tuE*«. TXPtm*: 

[0 0 17] *fgBJ©G aN^¥iM?©l 

i£7jffi«. imiBGaNJR^SM*:*^, ^TOV-^nSt 
jg *-£tT G a N ***#»3t*^T &-£«-£ 1 1 
•5. Sfc. l»eGaN*fS3e* : pa*GaN*¥*tt:l/'— 

[0018] *^BJ(DG a N&¥m#m?\$* GaNm 

&&mzj&&m®,&B&-t2> is ntz.-?*? 

)&gL£:G aN*¥*£#M*-r**fc*«*©G aNl 
¥«#©j£«££%£iffiEv;^;|***£«t>, SfcCiMr 
EG aNI¥*#:cOfieS(c<fcOHfiE7'Tir-y h«jfi*<* 
J&ii*nT¥aftSnfcGaN3R¥*<W)ti:. SdE¥S 




[0 0 19] £ SfCfJfBG aNfW*f«, 
[0 0 2 0] *^^©G a N»f 

[0 0 2 1 ] #?gBJc7>G a N3&¥##3^*5cfcrPe<Dg{ 
[0 0 2 2] 

[0 0 2 3] (mi cD^igWffi^) *^HJ^^ l coHJfi 
CDH^iC^T. I I I-Vlft&MS($©ie^ + 

v-wK&g & M\zm i zmmvxmM-rz* 

[0 0 2 4] SJfeiC. S««^f<i:«14SS:SfCL. 

&?fe&^mmmm$c<?>mfc&K$:m'?2> i i i -vj£ 
{k^ti^s^i 2^mm±\z^v, *<»m.m±.\zy* 20 

&±<Di&mmi&&fflm-?z>-?x? 1 4£^/£-r<5>. 

ai0nmA^2itmiST*t), fiSfiffi^ 1 3 i5<fc££ 
1 4©X M3T0. l/imi^lO 

ymSSitfe. (Ell (a) ) . 

[0025] &\z. tz&mmztti, i i i -vMit^m 

^fcS^Xl^ + ^^gWKJS^fCjfALT. * 

mux. a^^fx. ^fc», TK^ta^^zi^^xtv 30 
mmm-»^^vfs.-^(bmwL 1 1 sr^csfissiaggi; 

T"#rfi-T-5o SS^LTA^I I I «1W£t«*&L 
T. fiKfigCHK 1 3 fC I I I - vmi^^mW 1 5 £fi£ 

fir-s. »^l<«i i immmzm 

ltty*m^%mt®m : g.mz£.Z>%lfe$i.m. (VPE :Va 
por Phase Epitaxy) Tfr?^ I I I mffimzmm 
£m*m^ZG®&mitiS®)%m!$.m (MOCVD:Me 
tal Organic Vapor Phase Epitaxy) Sffit^T^J: 

[0026] i i i -vmit&m*m# i 5 40 

fta«a»BC0, fi£gffi*£±09I I I -VBHfc-&4fe¥* 

I I-v|ftgW«*l 5©fiKft*#tt:7T-fey 
ii#*i5fi££n-5<fc5 6 5 0K,fr<b 110 CCcDj&g®. 
ft. I I I SSJRfiOftJftiCWt*** 1 6 2 0 0 0 0 0 

m^mmT^vmmm<^^m<^mmxrfo. ceii 
(b) ) . 

[0 0 2 7] $ <b\ZX.\d-5>*z/*r)V&L&.%:Wi»Z>£.~ I 
I I -VSHfc-&«MMK*l 5B7?t-; r-«jgCD®tC» 50 
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©I I I - VMM¥*#i 507r-b7 mit« 

arts (eii (c) ) . 

[0 0 2 SJ^Sfcx^ + j/tMSSttftit. 7 
r-fey h«ift35«««>a*n (0 1 (d) ) . mmmz 
a, vaa:3iiB**-ra i i i-vm-&wi«i 

5 (0 1 (e) ) . 

[0 0 2 9] a*, S«±£tt?£ft*JNkVS*0Att 
SI I I -V«Kb#«*»#©ISft)«ft*ff5t. 

[0 0 3 0] **SS©»IBK:;fc*#ftTrtt. 
ct**T#a:<«6*. H *P(S« 7 r-tr-;/ ho^ltt 

itliCtO, X(f^^r->^;l/af*3W^15f§<^{giS^fh^n 

[0031] »ci i I tt*fticttfl:ttgJBfr>s*IMb«i 
*J2!ftlcJ:*«ffiJ5fcft-ttt. I I i-vifk^ftf^ 
1 5(DfigS*ij*l-sfcie>. 7rt7 <7>-5*.SSB<h 

tfSte&W:. H1»<*677t7 bm&<Do-t>£:&Wt 

i&tj.&w&Js&iizwzf&z.iiitzfjiK) i i i-vmit&yo 

[0 0 3 2] 7^*5, I I lMSl:tiM2:fflW5f 

Jt^TBfcfi&ftjW!^** 1 . ±j£©£-5C£75I I I- 
V^t^*^ 1 5 ©77t7 h«jgro-5*.**®<h 

j£fi«©#M&«#*As;fc»j****fc*5W-* iii- 

[0 0 3 3] (12 O&KOJgffi) 2 ©SUSS 

©fllco^T, I I I -v*ft;*«i*ifl!Oxi;j'+ 

[0034] H5 (a) ~ (b) £T?ttJ6 1 <D*M©» 

^coiai (a) (e) tra«&ieTfp«LTt»a 

^aogKBJS^BST-S. ^2ro*l©«lTU. III- 
V^^^jff^xtf^^v-^^fiESSrfT^^SJBS: 
^FSfkUfe^C S2©-777^7 (E15 (c) ) . 




( 6 ) 



SYt^rff oTna (EI5 (d) ) . 
[0 0 3 5] JB2©*160»in?tt. mi (a) 
(e) Off«lS*«D3i"ritlCJ:D»*Lfc I I I 

- vMit&m^mftmvxmmm * £ s khs«t * c t 

[0 0 3 6] MU<Z>*^^i&-5^ttSiS2©^JE«>^ 

rifcfiTSfc'&fcSra&TfcD. Al.O,, Si, SiC, 
MgAliO,, LiGaOs, ZnOffflS^C, G 
aN, GaAIN, InGaN, I nNfffl I I I - V 10 

[0 0 3 7] 3ifcmi &2>WZm5T?lZg;mz*:<D-A<D 

R^«!»*«*OflSlfcttJI*tt* I I I - vmit^m 

l^®{w!fiiS-7X^S:^fi£bTll 1 (b) ~ (e) £-5 
1^15 (b) ~ (d) ©:7 p oirX&fToT'&PI&&3& 

[0 0 3 8] $ 5. C**«©«lTttVX ^ 1 4 t L T 

[0 0 3 9] (m3<DMM<DM&) X\Z> *%BJCD®3 
I I I -Vttfc£4!HP**®xg^S'*;L'J£fi£Ga 

[0 040] f& 3 tD^teommiz. mi onm<?>MWi$> 30 
-5 t >«ig 2 ©idis © X- wt m l tc x tf ^ =^ -> -v * 

\z-3^T\z%m*mmKT2>. 

[0 0 4 1] \ZCtb\Z, GaN% t ¥m#£1&BmW& J $> 

te=?m&.(Dmt£2>&&ttn±.iz> y*hvw?-7<<- 

M MT % v x ? £ Z> o 
[0 0 4 2] *C^M«C^l/G aN*¥*#«DXfcf 

^cDig^BKfi^stt, i i i mmmzjjwi* <g 40 

a) (HC1) <0S*4J**»T***'fb^fU 

(GaCl) LvmW-mzTy^-T (NH,) # 
X*ffl^*4ttft*»3l*fcJ:*filiffi*ft (VPE :Vapo 
rPhase Epitaxy ) T&S/W K^-f H V P Eft-* 5 , 

(MOCVD: Metal Organic Vapor Phase Epitax 
y) €:ffl(^-5. fiJcgfflSB 6 5 0 tS> 6 1 1 0 O tT?T 

v*is»o«i&*tt i i i m^m<om^&izML^ 

f&A>6> 2 0 0 0 0 0<g£{fcii&-m«J:V>. 
[0 0 4 3] GaNS^fftlOXb^^ytMI 50 
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«. s&ie>mm<Dmimiimmz. GaN^^s^iof 
ig^D, plfifflltiOG a N**«Mi:iiM©I* 
[0 0 4 4] Itf^*xtMiW)l>i:, GaNJS 

-St. GaNSfi*CJ;i377t7 K*J6*«ai6ii* 
n. ¥t&*B*ft5GaN*fi*i 

[0 0 4 5] G aNttA^^jjgAWf^K^Bli^fcJie). 

-f 7SI, s i cs«^*fflvi-r#fc*^ envois 

ttG a NJS^i^ttttt^R^KliaWaftoTH 
-5. £©fc&GaN^¥a»#©xe^ + ^*;H£g£?T 

[0 0 4 6] **M©»»fcJ;*xi;^ + i'r;H«ft*- 

j|^tt-5GaN«¥#Mx^ + ytMSLT^ 
fitt. 7rty h©ttJiRK:«k?>. S«£GaN?S¥## 

ir«t-5fc;ft9. £«<h^*tc#tfTt»fci£&a*S»fc7j 

ftM* -5 d £ €T ft < & -5 . 
[0 0 4 7] LfcdltiTGaN^ifl:©j8S^lifitt7 
T-fey hWfiKSt tfcKHJfcfcinjKfljtf 6>*u GaNff 
m#vx.\£**~>r)l>i$.&\z&?>mme>miiaKft\,^ j$ 

[0 0 4 8] ClCDi'SfC^SilCVX^fC.t DS*?Wt 
»«SSnfcric*»l*»::7T-fcy MI^tnGaN^ 

f&&*fe\zm<z>1rz£iii-i>im£tiiZ>. 
[0 0 4 9] S^C, JS3©*»©»ttTrf»Sft*Ga 

(D-7 7-r7lSf) iY77iGaN»¥»#©- SB 
£B£Srr-5.r£7?, *SS*IW©<l>&^GaN#¥3MMII 

¥«*M±(CG aNfcaMMMS^SfMITSCtT, G 
a N Jg^o?mM«iaro^ffi1S2reSc#'r«) c: 

[0 0 5 0] S ftG a N**i#*f *«G a N**i# 



( 7 ) 



11 



[0 0 5 1] S6CGaN**l#»**WG aN* 

[0 0 5 2] &*s. %i3CDmffie>MMlzidt / fZ>G aNl 
¥*#fflS<Z>J&figtei»9i-kSfi 1 ©^©^SlCOXfcf:^^ 

mm^mx-foz. io 

[0 0 5 3] JS3©*JS©#tt©8l9JTtt. GaNJlf 

[0 0 5 4] S 5. C**l®iiCffl 77 ^ t 

GaN, I nGaN*«5*tf5n4)JlGaN)J»*t)ffS 20 

[0 0 5 5] StGaNMiMfiLTB, GaN 
3%¥j»fls:U— tf-^G aN*LEDf©GaN^i*^ 

ytm^comz f e T^HBTSi'of/H x tc t.igjB'Bj 
mx&z. 

[0 0 5 6] <»4 #*91©tM©£* 

[0 0 5 7] £g4©*J6©Jgj!lte, G aN^^NSttt^ 

^©Xfc?^->-v;i<E£S<&fiJfflLTG aNi^lMI 30 
£f£fiU SSlCdCOG aN^^*J¥lg±fCG aNl 

[0 0 5 8] m4<vmffi<DMmT*teG aN%¥mttm± 
©G a N|¥S«f t ITG a NS¥if Mi?^ 
m^tzM-&\zr>^TmWTZ>. 

[0 0 5 9] teCsMC. *«*BKlVXi7&»*Kb. 7 

3WBj*<**ifcS«£flI^*. 40 
[0 0 6 0] ^X*RtfJ*fi««©#*e£LTtt. JB 1 

[0 0 6 1] *C*ft*«t:)iJ U G a *#OX K 

**x-Wl//£S£fT?. G aN^¥a##©f£gii;«. I 

i immmztf>)<y& (Gai taift** (hcd © 
Kfo!£mm-c& ; bmii:x , J'y-k (Gacn <tvj£jsief 

l;7> ; E-7 (NH, ) ^75rffl^-5A-rH7-f KVP 
EftdWSL^a*. tI^8ft:^«J$SS (MOVP 
E) £fflHTfc«fc^. 50 
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[0 0 6 2] G aN*¥S#:©Xtf^ + i>^;i/figStt. 

nie>mme>mmi£mm\z. g aN&^mmmmmm 

[0 0 6 3] Xtf^^->vJH*ft*lBg^«)t, GaNI 

jWHtrfc*. Sfifit«(tTa< ?^ ^ J: 5 1:& 
3. f LTiSt5^SS«i(DG a Nl¥iffi©7 7 

■ty hmmt&M-rz, ?**>\z^}±$*is*>)\,i&&*m 

[0 0 6 4] *tGaN*fiM±l:GaNM## 
fSft^OSK^aiiftSfWr*. GaNlflM^i 
J«Lfc«. GaNf*«WMSntM&MOC 
VDSBKl-feyhL. JJrj£©ffi«, V/I I 

I Jtt?. nIGaNi, nIAl GaNi?77 hi. n 
iGaN^HI. 7>F-7lnGaNi?#Fl 
t7>F-7"l nGaN^flii^^S^li^Fi 
jgffittS, pSAlGaNl. plGaNWKI, 
p IA 1 GaN^77 h'l, plG aN3>^? hlS: 

[0065] u—v-mm&Mf&vfcmfo&mm 

gi:t«;hL, Sfi, SiO,777, *3<£tfGaNJ£ 
3. SaibfcG aNl^Iffl©!. TSb^GaNl 

[0 0 6 6] »4©Hllfi©»ttK:J:OetT©3»**«#& 

[0 0 6 7] n\<njmo>m&V>X.\Z9*i"e>\'f8L9t-£ 
#e.nfcG a NS¥i#I±CG a Nl¥S^^*iS 

^fiTiait&^TUfcGaNS^i^fliltiJtT 
*XfcT^^>'ir;i'tSSJBt«)tt»tt35«*#T?#. GaN« 

[0 0 6 8] $e.{CGaN5S¥^#:^ : ?^GaNlS¥^ 

»m9tm^(om-t\z^xit. mmznm&m&i-rzz- 
t««T?**fc«e>. ft*©<fc5 k F^-rx-y^y^igst 

*«itil<fGa N*¥3E#:ffll©3iffi(C^|5£T& 
[0 0 6 9] SfcG a N»f »*^Jt*^G a N»¥ 

#B§tCj; OGa N**i#l/-!fiIO«fi85 5-1 
[0 0 7 0] fc*. m4©*SSCD^Sg«±ta<DlttWtlS 




( 8 ) 
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[0 0 7 1] GaNfWffiCltfi' + yt 

[0 0 7 2] S6ICGaN**f#«±l:GaN3fi¥* 

fc#s, GaN*¥*#flSI^J&«K:»«, VX^iGaN 

S/gSHSfcfeSSbTfci:^. 10 
[0 0 7 3] GaN**MH*fflia»SaS«. 

7?»n«, SIS. VXi7(D^*5;fT^-r, GaN^fi 
[0 0 7 4] 2£>\Z*mMV>Bmizm^2>-?Z.& tLX 

©»M^:fctt*GaN#¥*fl«£LTttGaN. Al 
GaN, InGaNt^tf^nii^GaN^ifeiifS 20 

[0 0 7 5] JfcGaNffMIfiLTIi GaN 
sj^agtel/— tf^>G aN«L EDffflG aN*¥iM 
Tt^coffilC F E T-^H B Tfc £09^/ , W X C fejfffl bJ 

[0 0 7 6] 

[0077] (as i (o^mm) ^m(ommmiz-D^ 
x, mi &mmvxmw?z>, *mmmx\$. isti 30 

T. (0 0 0 1) 1*77^7 (AhO.) Sffil 1± 
\Z 1 wmgKOlUCOG aNttl 2 £.&£#>i;«e>7g/jSL 
tzMm&m^tc. Z\<DG a NK 1 2 IS® S i ftl^ 

J> 1 4 &fSft<S« 1 3 t»i l/fc. M®^13 
*5<fc^TX^14tt, -en-etl5 /tim43«i:tf2 tfnKOS 
CDX h y-i •7VtX'&2>. X h 9-f -fJ5$\\*< 11-20 
>^iLt ( (Ell (a) ) „ 

[0 0 7 8] 1 3 CfSStSG aNll5 tt. 

I I I&Dg&KltfU^A (Ga) iitMfc** (HC1) 40 
©S«*J««Tr*4*ft3!fU^A (GaCl) iVIS 
^CT> ; E-7' (NH, ) ^Sffl^S/W^^H 
VPES*IV>fc. 1 1 F5-f HWfiKfiSM 

t-fe-yhL. ***H»T?»*fts*i o o ot:fc#irr 

■5. ^fiia«**^bT^e>, HC11M20CC/ 

NH.StlOOOcc/ft^T'S^g 
K«#ST-5 C tT, ScSSH^c 1 3 ICG a NIB 1 5 oo ( 1 
-10 1} M*^ftS7 7t»; htftii it (0 

l (b) ) . 2 0»fflSSit:^*ytMI 

&8fc»*. 1 4*S-5^T'7rir-v hfltiS 1 6 £5i 50 
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gS-ttfe (0 1 (c) ) „ 

[0 0 7 9] iW*->tM**»tf5i:il:j:D7 
r-fey h*gii (01 (d) ) , 

5«$ratf>f£«T2 0 0 MmS«<7)5pa^®**-r*G 
aNl^M^tfc (01 (e) ) . GaNil 5 *M 

[0 0 8 0] SI 1 ©3feJfi«TttJ««««*«IIB-r*a« 
figfif-iO. $Jfi# {1-10 1} Iii^*:577t7 

rfi&mm&i&vm&Qm^itibizmtixKZo 7?tv 

[0 0 8 1] *^Bjfci:D^SLfc^S$:f¥«ffltcP^^ 

77t7hoaii-e, «t£fciictt(f en, xtr^ 

[0 0 8 2] $&ie)nMmz&oXMl&i£nftGaNm 

i 5tc«, t77-f7ssi i £&ttfk j $>mBwm§k 

&&^\Z%frfr*}%?tr : 7v>7WXr>X^tz.^Z.iit>m 
m-Zntz. U^-b. J*«J*fi£fTo&GaNttKtt. * 
BlBat#Mfn£*l><fc:<. ^Pfa&Ktel 0 6 cm'mmX'$>i 

[0 0 8 3] ***«T?**L'fcGaNJ«tt^HB*»#1lf 
(C4>&<. rcOJitCU— tf, FET, ^J^HBTtei: 

tt & [rj± $ -a- £ c i a< Rftg & & £ . 

[0 0 8 4] se-K+J-Vr-f T*«l 1 SW»<fftc«fc-3 
TiSinitT. G aNll 5 SIS^tLtfflU 

[0 0 8 5] ft 1 CDHS&tflTte, GaNtt©Xt^ + y 

*«*jR<t*«««j«*ffi (mocvd) zm^xhm 

«)5;M*«ff5n5. ifcAl.OJSl lSffi^fc 
S i Z n OSfi, S i C*«» L i G a O t 

MgAliO.iliS^^TtilSifeM^ffe! 

^^ICAhCaSl l±l:GaNll2^^5 
frC£>Mll$LVtz&. &K1 l±\Z\M.m-?7.Z$:Ml$.LX 

[0 0 8 6] SfcTXi? l 4 tLTS i O. SffiUfca* 

intiae»n*%)«oT?w*:<, s i n. *ioifta#itT 

&J;<^. r©Ha«T'ttVXi7 1 4©iS:2wmiLfe 

*#*»sft*. se»cxb7-i"/5<i i-2 0>^isi 

\ZMfiZ\s1z1fi. 7 7t7b»«^ntlH £ft<kSfi 
Bj|6i<i-ioo>Tt>A<;, cnew^i*i*>5i^tt 

riry h#lj££J£fi£-T 5it*«ft*. £^77--tr-^h- 




[0 0 8 7] SfcGaN©Xlf* + ->'Wl'j3ifiK::3^T 
m^-ftifi. I nGaNl. AlGaNI, InNIS;! 

i i i -vmt&mz^i&<fo<DWkimi,x>bmm 
[0088] csg 2 osnssw *mn<D%i2<vmMm\z 

[0 0 8 9] I2 0^IMT11 MtLT, (0 0 0 10 

i) isi cs«i i±\z i ummm<DmmcoA i„. , 

Ga,.,Nll 2 &$>t>frttt>Bl£LJZffi&Zm^Tz. 
Z.CDA 1,., Ga..,NBtl 2^®fcS i O, 

7.^ 1 4i^ftS«l 3CMLfc. 3, is 

WVX7 14H ^tl^n2 um, &£Ztl 0 umco 
mvXhy-CyVlT'&Z,, X b?-l-?Jj\Sl\Z< 1 - 1 0 
0>77[6]<hbfc ( (HI (a) ) . 

[0090] E&ftsms i 3 iz&m-rz gsniisu. 

I I I KHqsHC#U?A (Ga) ittfl:** (HC1) 20 
£>KJ££J5B«5-e&-5&{fc:tf U -j7A (GaCl) tVjyi 
$HC7>^7 (NH, ) jJXSav^MfMKV 

PES^fflVit, SSI ISM KOfi&ggKK: 
■fey 7K^SH^TS£SiS£g 1 0 0 O'CCSffl-T 
■5. ^gtaK*^5£LT^6, HClIM20cc/ 
*#T«*&U NHi 2SES 2 0 0 0 c c /Uft-Z 5 #*§ 
g£#U&T-g> d <fcT\ 1 3CGaNll 5® {1 

-10 1} ffl 7 r -fey h$tj££fi£g£i±/i (0 

1 (b) ) . 

[0 0 9 1] 2 0»IBiSl^*i/tMg 30 

&MVt. 77i7l4*S5*tGaN©77t^hiI 
1 5S^3i^-a-fc (El (c) ) . 

[0 0 9 2] x.¥?*~/*)l>E$LA&MWZ>z.£\z&Qy 
hfltit£Sa6i£3- (HI (d) ) . S^Wtctt. 
5B$|llJ©J*ftT?2 0 0 /im6«<DJFSfc«ffi*#-f *G 
aNBg£^l&Sl*-;fc (01 (e) ) . GaNll 5 CDJg 

N H, ^JX * « iJi;!)^ f S&Tftf L. 
gjfBJ: OIK D tBTo 

[0 0 9 3] JB2©*««K:«fc^T»riE*nfcGaNJK 
1 5{-tt. S i CSS1 liCttf^ilUffift* 40 
A 5 tc j6i*ifc <E> f ^ 7 y ^ A o T ^ & <a CI <t ^Stfg 

tiWmz'Pte<xm®8H*l 0 e cm'iKTibofc. 

[0 0 9 4] *HS«WT)«fibfcGaN8!ttt^«*«## 
tC>ft<, C©±CI. — • tf. FET, *WHBT)S;t' 
X^jgS^gf & £ it. f/H^» 

[0 0 9 5] Sfc. S i CMl 1 «W**K:.fc"3T» 
4k-TZ>Z\t.T'. GaN«15S*I#»tUTlH5i: 
tt>tf#-5. 50 
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[0 0 9 6] JS 2 ©*MS«T«, GaNlOltf^ + y 
*«&*flS#*l«fflJ*6ffi (MOCVD) *ffl^Tfe|B| 

SilS, ZnOIS. Al.O.SSS 
«, L iGaO,$S, MgAl,0,IS$*fflVJTt) 
H»6M««»6n5. iCSffil l±K«tff 

COG a Nl 1 2 Ua&JgjSLfc**, SSl l±fc 

[0 0 9 7] Sfc-77x? 1 4iUS i O, ^m^fzifi 

nnK:iRsn*t>©Ttta<. s i N,5?<75*gift#ig|-e 

feJ:Vi„ ^©HJg0i|T"ttvx^ l 4CDiH* 1 0 ymib 

wiHn§. sei;7>>7-f7 , $<i-ioo>^ 

ltK>7jft< 1 - 1 2 o>-c=t>,fc<. Z.?l<o<Dj3fafr£>M 

[0 0 9 8] SfcSSCSf 1 l±©itUTAia« 
0. K5AlGaN$fflW;#, £<E>ffl|5£ tee 
T=fc<, ZLCOmiiVTJtomzA 1 N. InGaNSt' 
6fflHTt»H*a:»**«»6tl«. $5CGaN©xt! 
^^->^;i^fi)cS(COt,iTM^fc^. InGaNl, Al 
GaN«, I nNJK*xtf^4 1 5'lr;l'J**bTt>ra«ft: 
6*1*. SfcSStS I I I -Vttfls^ftfc* 

[0099] (?g 3 ©sussw *%w<D , mz<»nmm\z 

02 £#JILTtaBJ-f 
[0 10 0] ^3©^lg!ITtt> IStbT, (11 
1) lOMg A 1,0,1^2 1 Sffl^fc. Z1C0SS2 1 
mWIZS i 0,12 3 7tKU7^77^- 
SiDl? hX-y^>^*T-V7.^ 2 3 <tf£fi««2 2 fc 
4r«Ufc. f£M«2 2, isitfv;^ 2 3 «, ^*V? 

h5-f^I"]«<l 1 - 2 0>^|6]«tLfc ( (0 2 
(a) ) o 

[0 10 1] G a NJKOf&Ste. 7^7 2 3 ±\Z&m&, 
C9G aN^JtSftHW-rsOfcjgLfcA-f F7-f HVP 

E^sffl^fc. dco^a-m. i i i mmmzuv v& 

(Ga) ifflft:** (HC1) ©S*flfe«4bT?»*ilSfl: 
tfU^A (GaCl) i, VKH^ffCT> ; &-7 (NH 

[0 10 2] *S2 1 **fi*«K-fey hU * 

*#*£#*&Lfcja«6 i o o ccaaeofcifcfiMftai/ 

tzm. 5 o orcBiss-a-, hc isstso. sec/ 

«if-C«l&b, NH, ill 0 0 0 cc/«^T5^ 
g*#M&t"S£<*:T, iBMM«2 3l:»2 0nmO 
lf©GaNAy7rI2 4*Mf| l (0 2 



( 10 ) 
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(b) ) o 

[0 10 3] ^©«IT. NH^XSML^ei 
0 0 0tll#m. fi&fitS«#££LT^e>, HC1 
ii$2 0cc/«»T*«L. NH S Si'l 5 0 0 c 
c/S»T'5^gI«i&tl.iiT 1 fi£gSBJ^2 2COG 
aN/'i77r-l2 4±l:GaN© {1-10 1} ®fr 
ea577t7^S2 5$f£fi$ttfc (02 

(c) ) „ 

[0104] $<=>ic, xbf^^i>^;^fi*gEtt, 

^2 35IoSTGaNl2 5©77ty hll^fl 10 

W. 5B#P^»figST2 0 0 ummm<DW-m. 

^B^fSG aNl2 5 £J£jS£-tt7c (0 2 

(d) ) . GaNl2 5©«, NH, i/X5:«L 

[01053 m3<Dmmm\z^^xm^ntzG aNS 

2 5l:lt M g A 1 . 0< IS 2 1 <!: ©ftftt tiil 

^JSfgStlfc. Lfrfc. J?jRj5£S£fT-ofcG aNttf:: 

tt, *HBa»##K:^£<. lO'cm'glT^^fe. 20 

[0 10 6] **M0rCj«fiLfcG aNltl^WM 
(C^Ti < . Z.<D±.\ZV— If, FET. &<fctfHBTft<i: 

«2 lSlpfiJfCioTRiTSCfP. GaNI25 
[0 1 0 7] flJ3©*J60rrtt, GaNlffll^ + y 

#«*«fl:^««ffi*fite (MOCVD) *ffl^Tt>ra 
saM^ens. ^fe**s^jx-«. MgAi.oj 30 

S2 1*ffl^, S1SI. ZnOM, SiCl 
«, LiGaO, SS, Al, O, gtfc^&JB V>T m 
«fc3»*a»»&ft*. ^^tMgAl, O, 2 lite* 
«4£2 l±CGaNKS»6* 

[0 10 8] l;7c-7Xi7 HiLTS i O, 

cn{cKe.n-5.fe«-e«7S<. s i N.tw^iT 
&J:^. ££>f::vx? 2 4cd*b* 1 0 (imiLfc^. v 

e.n*. x h 7-r 11-20* 40 

7 7tyh«ssnwi -nil 

B©7i(6]<l-1 0 0>X*fe<t<, Z\nt><Dj3ft\frt>ffi. 

[0109] src2i=^si0«-c«*isjb{c(Sia/^-y 7 ts 

SSStfeftCG a NtgOfiSfiSrffoT^ •£>*:«>, *§S^ 
[0 110] ££tc. SfeJg^UTrt*. GaN©lW + y 50 



*)ll&m\Z-3^Ti&'<fztf. InGaNK. AlGaN 
JR. I nNil*Xb:^*5>ir;H«fibT"b|B|*ftS»*«« 

»sn*. a&fcj«ft-r* i i i -vrnt-smz^ffl.® 

[0 111] (Sg4CD§iySW *%91<Z>3(4 W^SS0tJtC 
-^T, 03, BI4^#SaLTiSiH^-r^ <> EJ3«iI#?W 

[0112] ***WTtt. LT (0 0 0 1) S 

©A 1,0,*«4 1 ±\Z 1 iimgtOl«SroGaNK4 

[0 113] COGaN)i4 2gICS iO^SM 
U 7^ h'J 7y'77^-Si')l7 Fx 7 f >^T7 

x?4 3 t&c.mm&4 4\zftmvtz. i&mmm4 4n. 

4 umC0\M.&(OtlVi (03 (a) ) , — 52**3 «mCDH 
(03 (b) ) , *<ttf5(iraft©*gftt (03 

(c) ) ©3iai^5v7,7$fn^nffl^ft. 

[0 114] »J«bfcj«**«4 4fcJ«ftTSGaN« 
4 5il II I SiJjRfcHJC h U j/^Jlotf'J -7 A (TMG 
a) S^h^WJR-^ (TMA1) tVil 

mzry^-r (nh, ) xx&m^zmm&mib-B,® 

[0 11 5] -04«03 <7)^S®«*^LfcS«±.tr 
ftMlS&ffl^TI I I -V*fc&*¥*ttKe»A 
TSIgOlRBSEI-C**. £«4 1 

1S.ifi<b 1 0 5 0 < C<£»f£fit3Jgf::J?-i&-r-5>. J5ESifiSa*£ 
tLT^e. H 'J ;WJ *A*It 6 c c /«»T? 
«*&U NH, «15 0 0 0 cc/»»T10»8«« 
SStSCiT, (jE«I*4 4l:GaNl4 5© (1-1 
0 1} ®*^«c*7r-fey h*jS*J«fi*-a-fc (04 
(a) ) . 

[0 116] 3 0 7>f|g«Xt:^^ytMfi 

7X?4 3 5:S3STGaNi4 5©77t7 
h*ifiS8»S*fc (04 (b) ) . 
[0 117] ^?*is*r)l&.m*m.rtZ>Z.}i\Z&r)G 

aNS4 5 07 7t7 (04 
(c) ) , 12^n©^fiT10 0Mml 

a^¥fi&*S£#i-5GaNK4 5£JgJjfc£itfc (0 
4 (d) ) . 

[0 118] 3««<&#tfc©J«*HB*K:»J«bfcG aN 
I4 5H riEft*«0»ttK:<t:6T J F«ft*a3i«»S 
n, t77^7S«4 1 ICi^y 7^AoT^<C^Ci 

£ m. vb jA if Z. £ CO T -5 J£ « T? * tl it g> & W <D 
tt, ;*t*Stc<fc6Tl°J«<z>5»;95::&" s c&-5>. 
[0 119] **MiWC*ftUfcGaN«tt^RS*«#* 
}C>&<, dO-hfClx— tf, FET, *5<£tfH B T & £* 
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C0120] $ei:u-7 7'f7Sfi4 1 *mm*&\z&~D 

TBlkTZZtT'. G a Nl4 5 ^Sfilffli LT1 

[0 12 1] fS4CD*i£CBJT«> GaNlCXtfi' + y 
■WH5&:Re/W K^-f HVP Effi£fflV>TJEf£b&5&*> 
*r«&«fl:£4MMlJ*«8! (MOCVD) Sffl^TtiR 
«^***#6>n-6. SfcA 1 2 0,*«4 1 zm^tc 
ifi, S i S*. Z n 0*«> S i C$f. L iGaO, 

s«. MgA i,04*«*sffl^Tt>ra«&s***«#e> 10 

n*. Se.CAl ! 0,Ii4 1±IClfOGaNl4 2 
&$>i~>frCtb&l£l,tz&. SS4 lltcfgvxi'^f 

[0 12 2] SfC7Xi?4 3<hLTS i 0,£JBV»fcj&» 

[0 12 3] ^fcGaNCOXtf^ + yfMSt^^T 
I nGaNi, AlGaNl, I n NJK£X 

jRfi-T* I I I -V*flS'&«»fc5p««0*JlDbTfcra» 20 

[0124] ($5 vnffim) #b9§©sb 5 nmm&ttz 

OUT, 13 5 £#!&LTiK9!T-2>. 
[0 1 2 5] 1 tC«. Um©ll®GaNl5 

2^(J$nfc (0 0 0 1) IiDD-7 7-f 1 * 

[0 12 6] ^«»S5 l^ffifCS i 0,Mt«}BJdcU 
7* h U V^77^-St^Xy M7f>ng 1 CD 
■7X^5 3imi<7)JS;fiSI^5 4{C»llbfCo miGDiSc 
fifi«5 4, *3j:^lW7Xi7 5 3li. -E-n^n2u 30 

[ojtt, <1 l-20>iLfc (0 5 (a) ) . 

[0 12 7] *l©j£fi»«5 4K:iS«"r**l©Ga 
Ntt5 5te, ±tB©3fe««l I I IftlSWfctf 

U-y-A (Ga) ttftft** (HC 1) CDKJfc£j&tJ7!& 
zmtfiV OA (GaCl) £VBiJSlttK:7> ; E— 7 

(NH.) *f**«V»*/Vf H9-f KVPESSffl^ 
fco XI5 1 S/W Ky-f HOfSltgltty M, * 

*3?B^-rj*SiBft i o o o , CK#i&-rs. 6 sot© 

jgg^5M5 1 $NH, *'7.#H»fC-ri). 40 
dS^HLTA^. HC 1 SStM£ 1 0 c c/«#T«i& 
U NH,aft»4 0 0 0 c c/«»T6 0#fflC9jifc6 
T. fl5l<0**60!|-elBf§UifcHl® (a) (e) © 

j5jtSI*§£ST, Sglco^X^s 3£S*&A-*:&1CD 
GaNl55*Mt§ (05 (b) ) . SlOGaN 

[0 12 8] <fct£, G a 5 5-bKWtfS i 0,«£ 

-^-tl^ncox h^-f 7*1 2 Mm, *5j:^5w 50 
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20 

mt»0. 7 h7'f y^lSjteO 1-2 0>£Lfc (0 

5 (c) ) . r©*«5 i ±\z. n& % miommwc 

mWLtcMKV (a) fr*> (e) CDf&fiI1i§£j?£T, |g 
2 CDVT.^ 5 7 £ilJD&^ 43<fc-?- 1 5 0 u mCO^ 2 CO 
GaN!5 8£)&g£tir¥fi'fbLfcS®£#;fc (0 5 
(d) ) . 

[0 12 9] Ml/fc*20GaN!5 8©fcBfi£Wr® 
®ja« : ?afS^TP^fci!&*> *RS**1 0 s cm'J^T 
i^J&T^&V^COTafeofc. rCTB, 2 fSiPgCDjltR 

[0 13 0] m5COmmmX'it. GaNKCDXfcf^Sy 

mm&mit&mn.ttft.&.m (mocvd) *fflnTtra 

S i ZnOSi. SiCSS> LiGaO, 

MgA 1 , 0,»S»Sffl^TfeB*a»*iS>#6 
US. 5?»i:Al,0 ! I«5 1±i;GaNl5 2Mfi 

GaNl52 Sj«*-a-r. 1 CDV7, ^ 5 3 

[0 13 1] Smf5 3tLTSiO,SfflHft«l 
dtliCfg^ti-5^C0T'tt^<, S iN.^OlggMT 
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NK. I nNKSXt^+ytMfibTtMlli&M 

*i#e>n-5. s ^cj&g-r-s i i i -v&ft-g-^scTFiisE 

[0 13 2] *IRSBJC0€-5IJS^J-rttG a N^co III- 

I I I -VK'fb'&^^^CD^SCil^pJ 

[0 13 3] (|g 6 C9*JS0iJ) *«W©»6 0*J6WK: 
OV>T, 0 6 *#mL/TiS£Wrs. 0 6Kt#fS9!CQXtf 
^ + ytMI5:G a NSICOj&gtCfflU. $61C^C0G 

-r-5fc«e>co«iiiiS0"cafe-5. 

[0 1 3 4] 06 iC^-T*«6 1 fCtt. l*imCD§IJfC9 
GaNl6 ZtfimfiL-ZiXfc. (0 0 0 1) ffiWVy^T 

Ifi6isffl^. ioss6 liiics 

^f-ffii^X-y H7f>mi CDV7.i7 6 3 t«l 
<Di£gffii£6 4 \ZfrffiVtz. 4, 
^miO'TXv 6 3«, -E-n-en5Bin, m:Zf2 u m 
©Xh^-l'T'fttL.fc. X h^-f 775p5]«, < 1 1 - 2 
0>7jr6]^e. 1 OSiira^Lfc (06 (a) ) . 

[0135] tti (Dfc&mme 4Kj*fi"«-s»i<©G a 
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Ni6 5 «. ±m^mm 1 tm«i: i i i migmzfi 

U^A (Ga) tttflS** (HC1) ©E^^ritflfcTf* 
aiftflS^U^A (GaCl) tVSSJlWKT^-y 
(NH, ) HVPES^ffl^ 
fco 6 1 H 5-f H OffifiSiCt y hb, tK 

mnw%.T~i&&um i o o ccfcsirrs. 6 5ot© 

^t/TA^, HC 1 SitS£4 0 c c 

L> NH, Ml 0 0 0 cc/S#, &J;tf:>^> (S 

iH,)«ES0. 01cc/S»T150^ffl^g 10 
T, WiKDmnmT-mWLfcmKD (a) #><=> (e) (75 
SJftlg^gt, JBlOVX^6 3*S»a^«ll)l»2 
0 0«m©Il©GaN)i6 5*Mt5 (0 5 

(b) ) . HOGaNl6 5W*S. NH a #X3? 
H«-C#ia*T?»«Ib, f&eSlBJ;DI&Offl-r<, G a N 
16 5 11 nlT, lxiO'^m-'HlO+tUTI 

[0 13 6] #fC. GaN«¥«*^tWrai: 
tt. *«*«fl2*ft«ri6«ft (MOVPE) £fflt^Tf£ 
SLfc. GaN»65SMt, MOC VDSBiCir-y 20 

hU 7K*|?ffl^;T^gS* 1 0 5 0 < C(C#raTl)c 6 

5 OtOfig^SNH, ^Xfl^Ct^, SiSIlB 
Lit 1 ym£>JP£cDn^G aNl 6 6, S i Sr^iOLfc 
0. 4tfmOSS0nIAl,.i,Ga t ., i N?7y M 

6 7. S i Sr^iDL-feO. Umfflf^©nlGaN* 
^FI6 8. 2. 5nm©fS07>F-^In,., 
Ga,., Nif#Flt5 nm(DfJffl7> H — 7 I n 

.... g a.., s Ni$ii^^ i o mm^mm^w 

iMtti6 9, (Mg) *5^iPLfc2 0 

nm©»S©pIAl-..,Ga..,Nl70. Mg^jD 30 
VfcO. UmCS^CpIGaNM-f h'I7 1, M 
gSrisSOb/fcO. 4«ra©IS©plAl,. li Ga,. li 
Ni77yh'f7 2, Mg^iJlDLfcO. 5 m mtf>JP£ £> 

$MLt. piWGaN3>^i7 I-JI7 3£®6£Lfc 
fctt. HN, #Xf?ffl*T'#*g£Ti$2flU fi£SSB<fc 
D^OtB-f (06 (c) ) . 2. 5nm©/9£©T>F 
-71 n,. ! Ga,.,NIf#Flt5nmOl^07> 
H— 7*1 n 0 . . s G a.. >s NBiSA^&S^lI^F 
«jtffi14S6 9«. 7 8 0TC©»*T?»J*Ufc. 40 

[0 13 7] ^fC, if-*ifiS»*bfc-y-7T-1'7- 
S1S6 1 * W^ggC -fey hL, *77<7a«6 1. G 
aNI6 2 , SiO:VX^63, i5cfc££G a NK 6 5 
OS0/zm»SLTGaNl6 5*BtiJSt5. B£BL 
&GaN16 5ii:lt (Ti) (A 

1 ) <DnWnW>7 4 £J£fiEU pIOGaNI7 3±l: 
«--V^rJU (N i ) (Au) »p!iI7 5S:M 

T-5 (06 (d) ) . 

[0 138] 06 KStl/- !?4Hfi7?tt. gStCnSffi 
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[0139]'*fc. U-77-f7tGaN,ffi*tttfe 

mvtzu—tfMmv&mms. 7—\$^Miz£VMi&-f 
[0140] zmzttv. ^js^-e^SfS^RS*^^ 

^GaNi6 5*»<^fit5u<!:diT-f5fc», 
7'T7S«>7X?Mi£liLTt>GaN6 5 ±\Z& 
J*bfcGaN*¥*#OW— tf«JBK»4»«A«&<. S 
fcGaN»6 5±©W- !f*jfitt^*IBK:J: 0*SS5 

[0141] *IIS@0tJTtt. G a NI 6 5 ±lr tf— 
«3S#J*L,T*»&, it7T-<T*«5 1 . GaN|g6 

2, sio,vx^6 3S5iHLfc««, i>— ■ tf— mm* 

ft®-T2>ffi\Z-V-y 7g*£ 6 1 . GaNl62, Si 

[0 14 2] -!T77<7SS6 
1 . G a NI 6 2. S i O, 7X^63 <r>WsM. %>£.T$ 

GaN*6 5 0-a?*5lf»tT. nlCfS^f^Lfc 
P«*frbflcK7'fXyf>ycj;OnI©Ga 

Ni6 6tfctt6 5tfiiLnItI5Mt, #H 

[0 14 3] 

mmozbm) sj,±m.wi>tz<k?\z, ^mmiz^^i i 

5*{g-r^i-e. /Sfif* I I I -V«ft:#**i»fl:Ji 

©i i i -vm^m^mwm^m-t^z.iiifi-^^ 

[01] *%WV>1 I i-VMfitf^cf^S 

[0 2] A 1 G aNi*»«Sft&Mg A 1, 0,SS± 
lC/WH7-f HVPEgSffl^T, GaNlSIfiEtS 
lS<7?*aS§0T*fe-5. 

[1213] a«?Bi)(Cziit^^->i';VfigS-r-£.5!cS«g«2W^ 

[0 4] H 3 = RtW6»tt©JS:SflH 
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[06] *PJ^MS^l^tMbfcGaNl± 
1 1 

i 2 mmzm&zntzi i i -vmt&^m&Wk 

13 III -V^|b^^l¥^^J5gg^i±^^S®^ 

1 4 ^TX^ 

1 5 xK^^Wl^ftLfc I I I - V8Hfc^«¥» 

16 III -V*ft^»#077ty h«BB 

2 1 (0 0 0 1) ®C01t^r-rT*^ 
2 2 GaNl 

2 3 VX^7 

2 5 Xt!?**>tMSlfeGaNl 

3 1 (111) WMgA 1: 

3 2 1/zmOGaNE Sfc^A 1 G a Nl 

3 2 S«±^»«*nfcfigfi«B« 

3 3 «fi±fc»J*LfcS i O 2 J0£<3VX^ 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To suppress defects by 
suppressing a crack due to a thermal expansion 
coefficient difference and lattice constant difference 
of a growing lll-V compound semiconductor layer and a 
substrate crystal. 

SOLUTION: The method for manufacturing a GaN 
semiconductor element comprises the steps of forming a 
structure of a lll-V compound semiconductor film 15 by 
an epitaxial growth by using a substrate for limiting a 
growing area 13 by a mask 14 (b), and developing the 
structure until the structure is covered with the mask 
14 (c). The method further comprises the step of 
completely embedding the structure (d). The method 
further comprises the step of forming a lll-V compound 
semiconductor growth layer having a finally flat surface 
(e). 
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